1. G. L. Nelms et al., Can. J. Res. 44, 1419 (1966) . 2. With the magnetic-dipole moment A of about 10-0 erg/gauss, we expect approximate equality of the concentrations, of a particular species, with dipoles parallel and antiparallel to the local magnetic field, both equalling N/2-half the total concentration. For the particles indicated by the Alouette signal, the probability of reemission, equal to the probability of absorption, in terms of the Einstein coefficient for stimulated emission, is W [27r(A2/3)/h2c](dI/dv) = 2 X 10' (dI/dv) sec'
where dI/dv is the energy flux from the sounder-transmitter per unit frequency interval. The average radiated power, 300 watts, is spread over a bandwidth of about 30 kcs. If one neglects absorption between the satellite and a point at distance R, the energy flux at R is dl/dv = 10a/47rR' [erg/cm2 sec (cy/sec)]
We neglect the angular dependence and assume that the power reflected by a population of N magnetic dipoles per cubic centimeter, given by P(R) = W (N/2) hv= 0.5 X 109 (N/2) hIv/47r R2 (erg/cm3 sec)
is radiated isotropically. It is assumed that the radiated power density is approximately constant over the line width of the effective radicals. The intensity of the signal arriving at the satellite at time t, measured from the time at which the 100-Asec transmitter pulse begins, is given by
S(t) = [P(R)/47r R2] dV (erg/cm2 sec)
where the integral is taken over the volume of origin of reemitted radiation reaching the satellite at time t. This volume is a spherical shell centered on the satellite. For a pulse of 100 ,sec, the inner surface of the shell has radius Ro = c(t -100)/2, and the outer surface has radius R2 = ct/2, where I is measured in microseconds. By integration over the spherical angular coordinates and tise of v = 106 cy/sec, it follows that IR2 S(t)=J If the signal is to be detected at the satellite, S(t) must be greater than the threshold of the receiver, that is, S(t) - Estimates of the total volume transport through the Drake Passage vary from 0 (1) to 165 X 106 m3/sec (2). The uncertainty arises from a lack of direct current measurements and an inability to define a satisfactory reference layer. The reference layer is needed to convert relative geostrophic velocities into absolute values. For this purpose, the level of no motion or the zero reference layer is generally used. It can be found by various methods
(3).
In general, velocity decreases with depth; therefore, any deep isobaric surface would suffice as a zero reference layer for the determination of surface currents. However, the depth of the zero reference layer becomes critical for calculations of deep currents and total volume transport. Table 1 summarizes the past estimates of the total volume transport through the Drake Passage. The transport values vary with changes of the reference layer, even though, in many cases, the same hydrographic data are used.
The zero reference layer in the southern Drake Passage (4) indicated line; therefore, they represent the northeast component of the total geostrophic velocity. Based on the potential relationship between temperature and salinity in the Drake Passage, the zero reference layer at Eltanint Station 91 is 2750 m (4, fig. 1 ). The mean density of the water column above the zero reference layer is 27.77. By use of a mean density of 27.77. the depth of the zero reference layer was found for all stations shown in Fig.  1 . Figure 2 is a plot of the depth of the average zero reference layer. The reference layer descends from a minimum of 1800 m in the south to over 9000 mn in the northern Drake Passage. The depth of the zero reference layer probably has a time variation. The dashed line shown in Fig. 2 results. The westward flow between stations 90-91 is slightly more intense and deep-reaching than that of the Ob.
The Discovery and William Scoresby profiles suggest that currents in the southern Drake Passage are slightly more active than those found by the Ob, though the directions are similar. This may represent a seasonal change, since the Ob section was taken in early winter and the Discovery and William Scoresby sections were taken under summer conditions. The Eltanin 90-91 station pair which represents summer conditions agrees more closely with the Discovery 646-647 stations pairs. Table  1 indicates a more active summer circulation. Yeskin finds the maximum transport occurring during March and April (10) .
The geostrophic results indicate that the velocity field of the Drake Passage may be considered to have two parts: a northern part (north of 59°S) with moderate easterly currents extending to the bottom, and a southern part with lower velocities and westerly currents between 590 and 60°S.
The total volume transport determined from the Ob profile is 218 X 106 m3/sec. This large value results from the generally deep-reaching effects of the axis of the circumpolar current. More than one half of this immense transport is accomplished between Ob stations 466 and 467, which are slightly over 80 km apart. It appears that more water passes between approximately 560 and 57°S in the Drake Passage than is carried by the Gulf Stream.
The flow south of 55°S is somewhat dependent on the quantity of water flowing through the Drake Passage (11 Periodic (monthly to semiannual) sampling of the suspended solids, bottom sediments, and water, and the measurement of salinity, temperature, and pH were accomplished throughout the seasonal cycle in these 16 tributaries (accounting for more than 90 percent of tributary discharge into the Amazon River) and along the Amazon. The in situ conductivities were taken as a measure of the concentration of dissolved salts.
Suspended solids were removed from each of 74 samples of water (20 liters each) in the field, mainly by pressure molecular filtration (size of pores, 0.45 u), and the material was stored in a small amount of river water with Hutner's (1) volatile organic preservative (a mixture of o-cholorobenzene, nbutyl chloride, and 1,2-dichloroethane) to prevent decay by microbes and alteration of the distribution of the particles according to size.
Fifty samples of the suspended material were analyzed by x-ray diffraction for mineral composition after separation, by size, into fractions (< 2 As, 2 to 20 u, and > 20 u) and removal of organic material and iron oxide coatings, according to procedures published elsewhere (2) . Analytical resultg were considered in connection with the environmental factors of geology, elevation, climate, and vegetation. As the possible controlling factors, nine parameters related to these four environmental factors were measured for each tributary basin from appropriate maps and data: (i) lareal percentage of "calcic" rocks (limestone, dolomite, and volcanic rocks other than rhyolite); (ii) areal percentage of igneous and metamorphic rocks (mainly Precambrian shield areas of acid-to intermediate-type rocks); (iii) areal percentage of continental sedimentary rocks; (iv) areal percentage of marine sedimentary rocks, excluding "calcic" rocks; (v) areal percentage of "calcic" rocks in the upper third of each tributary basin; (vi) mean elevation (using 13 elevation intervals) above the mouth (base level) of the tributary; (vii) mean tem-
